S2
DFT calculations Figure S1 . Joint density of states (JDOS) computed for the stoichiometric Ga 2 FeO 4 compound. The peak at ~1.1 eV is reflected in the small bump observed at ~1150 nm in the simulated absorption profile shown in the inset. The absorption profile is obtained using a small interband smearing parameter of 0.1 eV for the calculation of the dielectric function, in order to preserve the fine details of the plot. Figure S2 . DFT band structure calculations along the Γ-R-X-M-Γ cubic symmetry line of Ga-rich (a-b) and Fe-rich (c) GFO systems. (a) In the case of 1 Ga 3+ replacing 1 Fe 2+ ion, with the consequent Ga/Fe ratio of 2.4, the dispersive conduction band is halffilled, making the system a metal. (b) Substituting 2 Fe 2+ with 2 Ga 3+ ions, with the consequent Ga/Fe ratio of 3, a complete filling of the conduction band occurs, making the system a semimetal. (c) Replacing 2 Ga 3+ with 2 Fe 2+ ions, reaching a Ga/Fe ratio of 1.4, the starting VB is depleted of electrons. The lowest unoccupied band (blue line) is flat, while the VBM has a larger curvature, leading to effective electron and hole masses of respectively 14.3 and 3.9 m e . The different mobility of electrons and holes suggest p-type doping in Fe-rich samples. Pump-probe absorption spectroscopy Figure S4 . Differential transmission spectra of the Fe-rich (Ga/Fe = 1.6), the Ga-rich (Ga/Fe=2.4) and the stoichiometric (Ga/Fe=1.9) GFO NCs at 1 ps of time delay. Their differential transmission dynamics at 1000nm are shown in Figure 2d of the main text. Fitting of the experimental absorption spectra Figure S6 . Plot of the damping term γ versus the Ga/Fe ratio of different off-stoichiometric GFO samples. Notably, the damping term increases considerably when moving away from the Ga/Fe=2 ratio. The SEM micrographs were acquired with a FEI Helios 600i electron beam system (acceleration voltage 5kV, current 0.34pA). By both SEM pictures and XRD patterns it is possible to conclude that no sintering of phase change accompanied the annealing step. Also the films appear to be crack free and homogeneous.
